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Specification 



1. Title of the Invention 

Stainless steel material having excellent rust resistance 
and the production thereof 

2. Scope of Patent Claims 

(1) A ferritic stainless steel material having excellent rust 
resistance, characterized in that a ferritic stainless steel 
base material which contains, on a weight basis, 

Al: 0.003 % or less; Si: 0.3 to 5 %; 

Mn: 0.2 to 1 %; and Cr: 8 to 25 % or less; 
with the balance substantially being Fe, is provided, on the 
surface thereof, with a single-layered or multi-layered vapor- 
phase plated layer which is constituted of at least one 
component selected from the group consisting of Al, Ti, Si, Nb, 
Cr, Mo, Cu, Ni, nitrides thereof and oxides thereof, and has a 
thickness of 200 to 30,000 A. 

(2) A ferritic stainless steel material having excellent rust 
resistance, characterized in that a ferritic stainless steel 
base material which contains, on a weight basis, 

Al: 0.003 % or less; Si: 0.3 to 5 %; 
Mn: 0.2 to 1 %; Cr: 8 to 25 % or less; 



and at least one component selected from the following group: 

Cu: 0.05 to 0.8 %/ Ni : 0.05 to 0.8 %; 

Nb: 0.05 to 2.0 %; and Mo: 0.05 to 3.0 %; 
with the balance substantially being Fe, is provided, on the 
surface thereof, with a single-layered or multi-layered vapor- 
phase plated layer which .is constituted of at least one 
component selected from the group consisting of Al, Ti, Si, Nb 
Cr, Mo, Cu, Ni, nitrides thereof and oxides thereof, and has a 
thickness of 200 to 30,000 A. 

(3) A ferritic stainless steel material having excellent rust 
resistance, characterized in that a ferritic stainless steel 
base material which contains, on a weight basis, 

Al: 0.1 to 4 % or less; Si: 0.3 to 5 %; 

Mn: 0.2 to 1 %; and Cr: 8 to 25 % or less; 
with the balance substantially being Fe, is provided, on the 
surface thereof, with a single-layered or multi-layered vapor- 
phase plated layer which is constituted of at least one 
component selected from the group consisting of Al, Ti, Si, Nb 
Cr, Mo, Cu, Ni, nitrides thereof and oxides thereof, and has a 
thickness of 200 to 30,000 A. 

(4) A ferritic stainless steel material having excellent rust 

resistance, characterized in that a ferritic stainless steel 
base material which contains, on a weight basis, 



Al: 0.1 to 4 %; Si: 0.3 to 5 %; 

Mn: 0.2 to 1 %; Cr: 8 to 25 % or less; 
and at least one component selected from the following group: 

Cu: 0.05 to 0.8 %; Ni: 0.05 to 0.8 %; 

Nb: 0.05 to 2.0 %; and Mo: 0.05 to 3.0 %; 
with the balance substantially being Fe, is provided, on the 
surface thereof, with a single-layered or multi-layered vapor- 
phase plated layer which is constituted of at least one 
component selected from the group consisting of Al, Ti, Si, Nb, 
Cr, Mo, Cu, Ni, nitrides thereof and oxides thereof, and has a 
thickness of 200 to 30,000 A. 

(5) A ferritic stainless steel material having excellent rust 
resistance, characterized in that a ferritic stainless steel 
base material which contains, on a weight basis, 

Al: 0.003 % or less; Si: 0.3 to 5 %; 

Mn: 0.2 to 1 %; Cr: 8 to 25 % or less; 
and at least one component selected from the following group: 

Cu: 0.05 to 0.8 %; Ni : 0.05 to 0.8 %; 

Nb: 0.05 to 2.0 %; and Mo: 0.05 to 3.0 %; 
with the balance substantially being Fe, is first subjected to a 
dipping process in an oxidative or peroxidative acid solution or 
an electrolysis in an acid solution, and is then provided, on 
the surface thereof, with a single-layered or multi-layered 
coating layer by a vapor-phase plating method, said coating 
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layer being constituted of at least one component selected from 
the group consisting of Al, Ti, Si, Nb, Cr , Mo, Cu, Ni, nitrides 
thereof and oxides thereof, and having a thickness of 200 to 
30,000 A. 

(6) A ferritic stainless steel material having excellent rust 
resistance, characterized in that a ferritic stainless steel 
base material which contains, on a weight basis, 

Al: 0.1 to 4 %; Si: 0.3 to 5 %; 

Mn: 0.2 to 1 %; Cr: 8 to 25 % or less; 
and at least one component selected from the following group: 

Cu: 0.05 to 0.8 %; Ni: 0.05 to 0.8 %; 

Nb: 0.05 to 2.0 %; and Mo: 0.05 to 3.0 %; 
with the balance substantially being Fe, is first subjected to a 
dipping process in an oxidative or peroxidative acid solution or 
an electrolysis in an acid solution, and is then provided, on 
the surface thereof, with a single-layered or multi-layered 
coating layer by a vapor-phase plating method, said coating 
layer being constituted of at least one component selected from 
the group consisting of Al, Ti, Si, Nb, Cr, Mo, Cu, Ni, nitrides 
thereof and oxides thereof, and having a thickness of 200 to 
30,000 A. 

3. Detailed Description of the Invention 
(Industrial Applicability) 
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The present invention relates to a ferritic stainless steel 
material (e.g. steel plate) having excellent rust resistance and 
to its production method. 

(Prior Art and its Problems) 

Recently, in the high growth economic environment, 
significant diversity has been found in life styles and value 
concepts. For example, in spite of its high cost, the use of 
stainless steels, which have an attractive and deep metallic 
luster, have excellent corrosion resistance and provide a unique 
high-grade appearance, have previously been adopted for 
construction materials and in other fields. 

However, even stainless steels having the above-described 
excellent properties encounter problems with local reduction of 
luster, so-called "staining", and red rust under severe 
conditions, such as in coastal areas and areas where there is 
volcanic ash; thus, high grade image "rust free stainless steel" 
may be impaired in some cases. 

Various proposals for solving the above-described problem 
have previously been disclosed including the following 
techniques and methods: 

a) A technique wherein an alloy element, such as Cr and Mo, 
having an effect of improving corrosion resistance is added as a 
component to stainless steel in order to improve the properties 
of the stainless steel itself; 
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b) A method which is used for a bright-annealed material, 
wherein the management of frost point during the bright 
annealing is adjusted in order to improve the corrosion 
resistance of the oxide film which is provided on the outermost 
surface; and 

c) A method which is also used for a bright-annealed material, 
wherein a stainless steel which has previously been bright- 
annealed, is subjected to a passivation treatment in an 
oxidative acid solution; 

and these techniques have been even put to practice, but the 
resulting effects have not been satisfactory. 

Hence, in view of the above-described situation, the 
conclusion was reached that "the reason why the conventional 
prevention of "staining" is unsatisfactory is that the corrosion 
environment is unexpectedly severe despite the fact that the 
environment of the formation of "stain" is restricted to a 
relatively small area, which is referred to as a "stain" forming 
part, 

/3 

and, in order to sufficiently inhibit or prevent the formation 
of the "stain", a corrosion-resistance layer which is superior 
to conventional oxide films must be provided on the outermost 
surface of the stainless steel material"; following this 
conclusion, attempts have been made to conduct several 
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techniques for preventing stains and red rust, such as the 
following techniques: 

A) A method wherein a high corrosion resistant metal, such 
as Cr, is plated on the surface of a stainless steel. 

B) A method wherein an organic resin coating film is 
applied to the surface of a stainless steel (i.e. coating 
method) . 

Unfortunately, the former ''metal plating method" is not 
industrially desirable, given the fact that the regulations 
covering the waste water treatment are going to be more strict 
in future, whereas the latter "organic resin coating method" may 
lose the characteristic metal luster and texture of stainless 
steels, which limits the usage of the stainless steel. 

(Means of Solving the Problems) 

From the above-described viewpoints, in order to solve the 
problems with the formation of "stains" and "red rust" without 
damaging the unique deep metal luster of the stainless steel and 
also in order to stably produce a high rust resistant stainless 
steel material on an industrial scale, the present inventor 
conducted intensive research while considering his own knowledge 
of corrosion-resistant coating films, which the present inventor 
has developed over long years of experience. As a result, the 
present inventor has obtained the following new findings. 
Specifically, 
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(a) Unlike conventional plating methods, the use of a 

vapor-phase plating method, which has been recently 

significantly advanced, such as a CVD (chemical vapor 

deposition) method, an ion plating method and a sputtering 

method, allows a thin film which is constituted, for example, of 

various metals, nitrides and oxides, to be formed on the surface 

of a stainless steel. Further, when a coating film which is 

constituted of a specific material and has a specific thickness 

is formed on the surface of a stainless steel by the vapor-phase 

plating method, the rust resistance of the resulting stainless 

steel can be markedly improved without impairing the unique 

luster of the stainless steel, thereby providing an improved , 

J 

prevention effect on the formation of "stains" and "red rust". 

(b) However, in this case, when a commercially available 
conventional stainless steel material is used as a base material 
without any additional processes, a non-metallic inclusion which 
is exposed to the surface of the stainless steel material causes 
surface defects regardless of the type of material used for 
plating or of the vapor-phase plating method used, whereby a 
stable improvement in rust resistance cannot be expected. 

(c) Further, of the non-metallic inclusions, the most 
common oxide-based non-metallic inclusions, particularly 
alumina-based non-metallic inclusions, are the most responsible 
for causing defects on plated films. 
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(d) However, a stainless steel material having excellent 
rust resistance can be quite stably obtained when a ferritic 
stainless steel material which contains a component which is 
appropriate for diminishing alumina-based non-metallic 
inclusions in the stainless steel material is used as a base 
material, is then optionally subjected to "a dipping process in 
an oxidative or peroxidative acid solution" or "an electrolysis 
in an acid solution" and is subjected to the above-described 
vapor-phase plating method. 

The present invention, which is based on the above- 
described findings, is characterized in that: 

"Excellent rust resistance is provided by producing a 
stainless steel material which contains: 

M: 0.003 % or less, or 0 . 1 to 4 % (compositions are expressed by 
"wt %", hereinafter) 

Si: 0.3 to 5 %; Mn: 0.2 to 1 I; 

Cr: 8 to 25 % or less; 
and at least one component selected from. the following group: 

Cu: 0.05 to 0.8 %, Ni : 0.05 to 0.8 %; 

Nb: 0.05 to 2.0 %; and Mo: 0.05 to 3.0 %; 
with the balance substantially being Fe, is provided, on the 
surface thereof, with a single-layered or multi-layered vapor- 
phase plated layer (obtained by a CVD method, an ion plating 
method, a sputtering method etc) which is constituted of at 



least one component selected from the group consisting of Al, Ti, 
Si, Nb, Cr, Mo, Cu, Ni, nitrides thereof and oxides thereof, and 
has a thickness of 200 to 30,000 A". 

Further, the present invention is also characterized in that: 

"A ferritic stainless steel material having excellent rust 
resistance can be stably obtained by a ferritic stainless steel 
base material which contains, 

Al: 0.003 % or less; or 0.1 to 4 %; 

Si: 0.3 to 5 %; Mn: 0.2 to 1 %; 

Cr: 8 to 25 % or less; 
and at least one component selected from the following group: 

Cu: 0.05 to 0.8 %; Ni: 0.05 to 0.8 %; 

Nb: 0.05 to 2.0 %; and Mo: 0.05 to 3.0 %; 
with the balance substantially being Fe, 

/4 

is first subjected to a dipping process in an oxidative or 
peroxidative acid solution or an electrolysis in an acid 
solution, and is then provided, on the surface thereof, with a 
single-layered or multi-layered coating layer by vapor phase 
plating, said coating layer being constituted of at least one 
component selected from the group consisting of Al, Ti, Si, Nb, 
Cr, Mo, Cu, Ni, nitrides thereof and oxides thereof, and having 
a thickness of 200 to 30,000 A" . 
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Specifically, in accordance with the present invention, a 
high corrosion resistant coating film, which cannot be provided 
by a conventional plating method, is artificially formed on the 
surface of a specifically formulated ferritic stainless steel 
material by a vapor-phase plating method, whereby a stainless 
steel material in which the formation of "stains" can be 
minimized without impairing the unique luster of the stainless 
steel material can be obtained. The reasons that the inventive 
ferritic stainless steel material and its production method are 
restricted as described above are as follows. 

(Operation) 
A) Composition of Stainless Steel 

(a) Al 

In the present invention, it is an important requirement 
that the content of Al in the steel matrix (steel base material) 
is adjusted to be 0.003 % or less, or within a range of from 0.1 
to 4 %. The content is preferably 0.002 % or less, or in a range 
of from 0.1 to 4 %. This is because the adjustment of the Al 
content is an important requirement in order to prevent alumina- 
based non-metallic inclusion present in the stainless steel 
material from being exposed to the surface and causing partial 
surface defects during the vapor-phase plating process, which 
may diminish the corrosion resistant effect. 
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Specifically, only the adjustment of the Al content in the 
steel base material to be 0.003 % or less or 0.1 or more can 
inhibit the formation of alumina-based non-metallic inclusions 
to a degree where the problem with the alumina-based non- 
metallic inclusions being exposed to the surface is practically 
not posed; thus, the rust resistance of the stainless steel 
material can be prevented from being impaired. When the Al 
content is adjusted to be 0.1 % or more, the upper limit must be 
set at 4 % . This is because a further improvement may not be. 
expected if the Al content exceeds 4 % and the hot workability 
of the stainless steel may become markedly impaired due to an 
excessive addition of Al . 

The above-described restriction may appear to conflict with 
the fact "a large amount (0.1 to 4 %) of Al is essential to 
diminish the formation of alumina-based non-metallic inclusions 
in the stainless steel", but the limitation of the improvement 
is assumed to be caused by the particularity of Al, which is the 
reduction in the deoxidizing ability due to the change in the 
activity coefficient Al . 

In order to adjust the Al content in the steel to be 
0.003 % or less, practically, it is most effective that the Al 
deoxidation or the addition of Al as an alloy element is not 
conducted during the course of the process from the period after 
refining process to the period of ingot casting. In particular, 
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not conducting the Al deoxidation is quite characteristic and 
effective for the production of this type of steel material. 

The adverse effect of alumina-based non-metallic inclusions 
exposed to the surface can be efficiently diminished by a 
natural dipping process in an oxidative or peroxidative acid 
solution or an electrolysis in an acid solution, which are 
described later. 

'(b) Si 

In the present invention, Si is a quite important 
deoxidizing element. Specifically, since "Al, which is commonly 
used as a deoxidizing agent for conventional steel materials" 
cannot be effectively used during ingoting the inventive steel 
material, the deoxidation in the dissolution or refining process 
must rely on the use of Si, whose deoxidizing effect is slightly 
lower than that of Al . 

However, if the Si content exceeds 5 %, a further 
deoxidizing effect may not be expected and the hot workability 
of the stainless steel material can rather become markedly 
impaired. If the Si content is 0.3 % or less, the deoxidization 
may become insufficient. Therefore, the Si content is restricted 
to be a range of from 0.3 to 5 %. 

(c) Mn 

Mn immobilizes S in the stainless steel in order to ensure 
the hot workability; if the content is less than 0.2 %, the 



intended effect may not be obtained, whereas if the content 
exceeds 1 %, the cold workability and formability of the 
stainless steel material may become impaired. Therefore, the Mn 
content is restricted to be a range of from 0.2 to 1 %. 
(d) Cr 

/5 

Cr is the most important element in providing corrosion 
resistance within the inventive steel matrix (steel base 
material) . In accordance with the present invention, the 
excellent rust resistance is ensured primarily by the vapor- 
phase plating layer which is provided on the surface of a 
stainless steel material, but the plating layer is so thin that 
matrix can be easily exposed due to scratching etc. Therefore, 
in order to prevent the exposure* of the matrix, sufficient 
corrosion resistance must be provided on the steel matrix as 
well and, from this viewpoint, Cr plays an important role. 

However, if the Cr content is less than 8 %, corrosion 
resistance on the scratched portion of the stainless steel 
material and the edge portions of the stainless steel material 
may not be sufficiently ensured, whereas if the Cr content 
exceeds 25 %, in the inventive steel material, which provides 
rust resistance under a variety of atmospheric exposure 
conditions, a further improvement in the effect may not be 
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clearly obtained; thus, the Cr content is restricted to be a 
range of from 8 to 25 %. 

(e) Cu, Ni, Nb and Mo 

Any of Cu, Ni, Nb and Mo have an improvement effect on the 
corrosion resistance of the steel base material (matrix) and can 
be optionally used singly or in combinations of two or more in 
order to prevent the rust resistance from being impaired on the 
scratched portion of the plated coating film. The followings are 
the reasons for limiting the content of each component. 

Cu 

Cu is an effective element for improving the corrosion 
resistance of the steel base material; in order to obtain the 
effect clearly, the content must be 0.05 % or more. If the 
content exceeds 0.8 %, the impairment of the corrosion 
resistance due to the formation of intermetallic compounds may 
be manifested. The Cu content is restricted to be a range of 
from 0.05 to 0. 8 %. 

Ni 

Similarly to Cu, Ni is also an effective element for 
improving the corrosion resistance of the steel base material; 
in order to obtain the effect clearly, the content must be 
0.05 % or more. Even if the content exceeds 0.8 %, a further 
improvement of the corrosion resistance may not be obtained. The 
Ni content is restricted to be a range from 0.05 to 0.8 %. 
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Nb 

Nb stabilizes C in the stainless steel material and, 
further, improves the corrosion resistance of the stainless 
steel material. In particular, in the presence of Cu or Ni, a 
synergistic effect can be expected and thus the corrosion 
resistance of the stainless steel material can be further 
improved. 

In order to desirably ensure the effect of Ni on 
stabilizing Cu in the stainless steel material, the content must 
be 0.05 % or more; however, if the content exceeds 2.0 %, the 
desirable impairment of the stabilizing effect on C and the 
corrosion resistance may not be manifested and further, the 
corrosion resistance may become impaired due to the formation of 
the Laves phase. The Nb content is restricted to be in a range 
from 0.05 to 2.0 %. 

Mo 

As well as Cr, Mo is also an effective element for 
improving the corrosion resistance of the steel base material; 
if the content is less than 0.05 %, the improvement in the 
corrosion resistance may not be clearly obtained, whereas if the 
content exceeds 3.0 %, a further improvement in the weather 
resistance, which the inventive steel material intends to 
improve, may not be expected. Therefore, the Mo content is 
restricted to be a range from 0.05 to 3.0 %. 
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(f) Other components 

S, which is present as an impurity element in the stainless 
steel material, forms an Mn-based sulfide in the stainless steel 
material, resulting in causing the surface defect during the 
vapor-phase plating process and also resulting in the corrosion 
resistance of the matrix becoming impaired. For the above- 
described reason, it is preferred that the content of S in the 
stainless steel material is as small as 'possible. Since the 
surface defects can be hardly caused on the vapor-phase plated 
film at a content of S being 0.005 % or less, it is preferred 
that the content in the stainless steel material is 0.005 % or 
less . 

B) Thickness of vapor-phase plating layer 
A vapor-phase plating layer can be constituted of one or 
more component selected from the group consisting of Al, Ti, Si, 
Nb, Cr, Mo, Cu, Ni, nitrides thereof and oxides thereof. The 
vapor-phase layer can be a single-layered coating layer or can 
also be a multi-layered coating layer. 

In this case, if the thickness of the vapor-phase plating 
layer is less than 200 A, a uniform plating surface (deposition 
surface) may not be obtained and the impairment in the corrosion 
resistance on the defected part of the plating layer may be 
clearly observed, whereas if the thickness exceeds 30,000 A, 
cracking or peeling-of f of the plating coating film may be 
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caused at the bend portion of the stainless steel material. 
Therefore, the thickness of the vapor-phase plating layer is 
restricted to be a range from 200 to 30,000 A. 

In order to stably obtain a vapor-phase plating layer which 
is almost free of defects on the surface of a ferritic stainless 
steel material, 

/6 

it is advantageous that a dipping process in an oxidative or 
peroxidative acid' solution or an electrolysis in an acid 
solution is conducted as a • pre-treatment . The pre-treatment not 
only dissolves the alumina-based non-metallic inclusions exposed 
to the surface of a stainless steel material, thereby avoiding 
the adverse effect, but also strongly immobilizes the area 
surrounding of each of the non-metallic inclusions, thereby 
minimizing the impairment of the corrosion resistance of a 
vapor-phase plating-coated steel material caused by the presence 
of the non-metallic inclusion. 

Examples of recommended oxidative acid solutions for 
diminishing or detoxifying alumina-based non-metallic inclusions 
exposed to the surface of a stainless steel material include a 
"30 % nitric acid aqueous solution''. Examples of recommended 
peroxidative acid solutions for the same purpose include u a 
nitric acid aqueous solution containing hydrogen peroxide". Any 



conventional acid solutions for conventional electrolysis can be 
used for the electrolysis according to the present invention. 

The present invention is described in greater detail below 
with reference to embodiments. 

(Embodiments) • 

Embodiment 1 

First, ferritic stainless steel plates which were 
constituted of, respectively, stainless steels A, B and H to K , 
which were not subjected to an Al deoxidizing treatment in the 
refining process, stainless steels E to G, which contain a large 
amount of Al as a result of non-metallic inclusion floating 
treatment and a vacuum deoxidizing treatment in an RH furnace, 
and stainless steels C and D, which were subjected to an Al 
deoxidizing treatment, were prepared as shown in Table 1. 

Thereafter, the resulting ferritic stainless steel plates 
were subjected to an electrolysis in a 30 % nitric acid aqueous 
solution at a temperature of 60 degrees Celsius in order to 
adjust the surface properties (vapor-phase pre-treatment ) and 
were then plated with SiNx (x^l.35) at a thickness of 600 A by a 
sputtering process. During the sputtering process, the heated 
steel base plate was maintained at a temperature of 300 degrees 
Celsius . 

Subsequently, two test pieces were obtained from each 
ferritic stainless steel plate thus obtained were used to 



measure the pitting potential and evaluate the rust resistance, 
with the results being shown in Table 2. The evaluation of the 
rust resistance was conducted by the standard shown in Table 3, 
with the corresponding scores being shown in Table 2. 

As is clear from the results shown in Table 2, any of the 
inventive ferritic stainless steel plates thus obtained showed 
excellent rust resistance, 



Table 1 



Types 


Chemical Composition (wt %) 


c 


Si 


Mn 


P 


S 


Cr 


Al 


Cu 


Ni 


Nb 


Mo 


Fe and 
impurities 


Embodiments 


A 


0.002 


0.52 


0.35 


0.020 


0.001 


19.2 


0.001 


0.03 


0.03 






Balance 


B 


0.003 


0.55 


0.32 


0.026 


0.001 


19.2 


0.001 


0.51 


0.24 






Balance 


Comparative 
Example 


C 


0.005 


0.34 


*0.18 


0.026 


0.002 


18.9 


*0.006 


0.47 


0.22 






Balance 


D 


0.004 


0.36 


*0.18 


0.026 


0.001 


19.0 


*0.077 


0.47 


0.20 






Balance 


Embodiments 


E 


0.002 


0.47 


0.33 


0.025 


0.001 


18.9 


0.121 


0.48 


0.20 






Balance 


F 


0.005 


0.52 


0.32 


0.026 


0.002 


19.1 


0.98 


0.48 


0.21 






Balance 


G 


0.004 


0.53 


0.32 


0.025 


0.001 


19.1 


2.49 


0.49 


0.18 






Balance 


H 


0.003 


0.48 


0.30 


0.020 


0.001 


19.2 


0.001 


0.52 


0.02 






Balance 


I 


0.001 


0.50 


0.32 


0.021 


0.001 


19.2 


0.001 


0.03 


0.50 






Balance 


J 


0.004 


0.50 


0.31 


0.021 


0.001 


19.3 


0.001 


0.04 


0.02 


0.53 




Balance 


K 


0.002 


0.51 


0,33 


0.021 


0.001 


19.3 


0.001 


0.03 


0.03 




2.11 


Balance 



Note: refers to the composition being outside the range specified by the present invention. 



n 
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Table 2 





















Rust 


Test No. 




Sample 


Vapor— phase 
plating 

taeposiuion) 
material 


Plating pre- 
treatment ' 


iniCKness 
of 
px a u xiiy 
layer (A) 


Temperature 
of base 
material 
during 
sputtering 
i °c\ 


Pitting 
potential 
(60°C, 0.01M 
NaCl, vs. SCE) 


resistance 
(Rating after 
exposure to 
atmosphere for 
6 months) 










Sample 


Sample 


Sample 


Sample 














piece 
1 


piece 
' 2 


piece 
1 


piece 

2 




1 


A 










> 900 


> 900 


10 


10 
















mV 


mV 


2 


B 










> 900 
mV 


> 900 
mV 


10 


10 


Comparative 


3 


*C 










364 mV 


433 mV 


4 


4 


Example 


4 


*D 










565 mV 


399 mV 


4 


4 




5 


E 




Treated 
(Electrolysis 

in nitric 
acid aqueous 

solution) 






> 900 
mV 


> 900 
mV 


10 


10 




6 


F 


SiN x 


600 


300 


> 900 
mV 


> 900 
mV 


10 


10 




7 


G 








> 900 
mV 


> 900 
mV 


10 


10 


Embodiment 


8 


H 










> 900 
mV 


> 900 
mV 


10 


10 




9 


I 










> 900 
mV 


> 900 
mV 


10 


10 




10 


J 










> 900 
mV 


> 900 
mV 


10 


10 




11 


K 










> 900 
mV 


> 900 
mV 


10 


10 



Note: refers to the composition being outside the range specified by the present invention. 



Table 3 



Rating of 

rust 
resistance 


Degree of the formation 
rust by exposure to 
atmosphere 


Rating of 

rust 
resistance 


Degree of the formation 
rust by exposure to 
atmosphere 


10 


No rust 


Good rust 
resistance 

T 


5 


Slight red rust 
spots 


i 

Poor rust 
resistance 


9 


Extremely 

slight 
"stains" 


4 


Red rust spots 


8 


Extremely 
slight 
• "stains" 


3 


Red rust spots 


7 


Slight 
"stains" 


2 


Overall red 
rust spots 


6 


Slight 
"stains" 


1 


Overall red 
rust 
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while Comparative Examples 3 and 4, whose compositions were 
outside the range specified by the present invention, had poor 
rust resistance . 

Further, in Comparative Examples 3 and 4, which used Al 
deoxidized stainless steels, many alumina-based non-metallic 
inclusions which have been elongated in the rolling direction 
were observed as a "linear non-metallic inclusion group" on the 
surface of the stainless steel, and many surface defects due to 
the alumina-based non-metallic inclusions were observed on the 
surface after sputtering. 

Hence, Embodiments 5 to 7 showed desired results in spite 
of the Al content in the base material being in a range of from 
0.121 to 2.49 %, which implies an assumption that the formation 
of alumina-based non-metallic inclusions was diminished by the 
"reduced deoxidizing ability of Al" by the addition of a large 
amount of Al . In fact, the amount of alumina-based non-metallic 
inclusions in the base materials was almost equal to that of 
Embodiments 1 and 2 and 8 to 11, which used stainless steels 
which were not Al deoxidized. 

In addition, the results of the test also show that "by 
industrially easy process where the Al content in the base 
material is adjusted to be in a specific range, alumina-based 
non-metallic inclusions can be necessarily and sufficiently 
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controlled to be within a level at which the rust resistance of 
the vapor-phase plating plate is not impaired". 
Embodiment 2 

A ferritic stainless steel plate which was constituted of a 
stainless steel L as shown in Table 4 which had not been 
subjected to Al deoxidation but had been subjected to a non- 
metallic inclusion floating treatment and a vacuum deoxidizing 
treatment in an RH furnace was prepared. 

Subsequently, a plurality of test pieces were obtained from 
the resulting stainless steel plate, were partially subjected to 
a degreasing treatment and then coated with SiOx (x^2) to a 
varying thickness by sputtering as shown in Table 5. During the 
sputtering process, the heated steel base plate was maintained 
at a temperature of 300 degrees Celsius. 

The resulting vapor-phase plated ferritic stainless steel 
plate thus obtained was used to measure the pitting potential 
and evaluate the rust resistance as well as the presence of 
cracking on the vapor-phase plated coating film on 10 t-bending, 
with the results being shown in Table 5. 

/8 
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Table 4 



Types 


Chemical Composition (wt %) 


C 


Si 


Mn 


P 


S 


Cr 


Al 


Cu 


Ni 


Nb 


Mo 


Fe and 
impurities 


Embodiments 


L 


0.012 


0.53 


0.28 


0.028 


0.002 


9.8 


0.001 


0.52 


0.15 






Balance 



Table 5 



Test No. 


Sampl 
e 


Vapor- 
phase 

plating 

{deposi 
tion) 

materia 
1 


Plating 

pre- 
treatme 
nt 


Thickn 
ess of 
platin 

g 

layer 
(A) 


Temperatu 
re of 
base 
material 

during 
sputterin 
g (°C) 


Pitting 
potential 
(60°C, 0.01M 
NaCl, vs. 
SCE) 


Rust 
resistance 

(Rating after 
exposure to 
atmosphere 

for 6 months) 


Crack 
on 10- 
t 

bendin 
g test 


Sampl 
e 

piece 
1 


Sampl 
e 

piece 
2 


Sampl 
e 

piece 
1 


Sampl 
e 

piece 
2 


Comparat 

ive 
Example 


1 
2 


L 


SiOx 


Not 
treated 


* 40 


300 


40 mV 


43 mV 


2 


1 


No 
crack 


1 

3 


* 80 


242 
mV 


258 
mV 


5 


5 


No 
crack 


1 
4 


Treated 
(Degrea 
sing) 


* 80 


381 
mV 


423 
mV 


6 


6 


No 
crack 


Embodime 
nt 


1 

5 


200 


687 
mV 


705 
mV 


9 


9 


No 
crack 


1 
6 


400 


879 
mV 


> 900 
mV 


9 


10 


No 
crack 


1 

"7 


800 


> 900 
mV 


> 900 
mV 


10 


10 


No 
crack 


1 

8 


1500 


> 900 
mV 


> 900 
mV 


10 


10 


No 
crack 


1 
9 


400 


> 900 
mV 


> 900 
mV 


10 


10 


Micro 
cracks 


2 
0 


8000 


> 900 
mV 


> 900 
mV 


10 


10 


Micro 
cracks 


2 
1 


15000 


> 900 
mV 


> 900 
mV 


10 


10 


Micro 
cracks 


2 
2 


28000 


> 900 
mV 


> 900 
mV 


10 


10 


Micro 
cracks 


C 


2 
3 


32000 


> 900 
mV 


> 900 
mV 


10 


10 


Large 
cracks 



Note 1: "C" refers to "Comparative Example". 

Note 2: refers to the composition being outside the range 

specified by the present invention. 



As is also clear from the results shown in Table 5, any of 

the inventive ferritic stainless steel plates showed desired 
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rust resistance while Comparative Examples 11, 12 and 23, whose 
compositions were outside the range specified by the present 
invention, had poor rust resistance or easily formed cracks on 
the surface during molding. 

In the sputtering process, it is assumed that deposition of 
SiOx on the base material is initiated by the formation of 
island-shaped depositions, with the progress not being uniform, 
and the island-shaped depositions are gradually enlarged to the 
entire surface of the base material. This tendency was also seen 
in the present embodiments and, in the case of the deposited 
film (plated film) being thin, a "tendency of the improvement 
level of the rust resistance being impaired due to the defects 
of the deposited film" was observed. Further, this tendency was 
expected to be remedied to some extent by increasing the 
temperature of the deposited base material (base material) , but 
the actual remedying effect was not as great as expected. The 
rust resistance became stabilized only from a film thickness at 
200 A. There was no noticeable difference in this tendency 
between the above-described case and the case of using another 
vapor-phase plating material (deposition material) . 

Further, as the thickness of the deposition film (plating 
film) increased, cracking on the vapor-phase plating film was 
formed more easily, which was assumed to be caused by the 
temperature difference between the deposition process and the 



cooling process or for the internal stress of the vapor-phase 
plating material (deposition material) . In particular, this 
tendency was markedly observed when then the thickness exceeded 
30,000 A, whereby the stainless steel plates were no. longer able 
to be put to practical use. 

The adhesion of the vapor-phase plating film was greatly 
influenced by the degreasing process which was conducted prior 
to the sputtering process; therefore, it was found that 
degreasing must be conducted sufficiently. 

Embodiment 3 

As shown in Table 6, ferritic stainless steel plates which 
were constituted of a stainless steel M which had been subjected 
to Al deoxidation during the refining process and stainless 
steels N to P which had not been subjected to Al deoxidation, 
respectively, were prepared. 

Thereafter, the resulting ferritic stainless steel plates 
were subjected to a dipping process in a 30 % nitric acid 
aqueous solution at a temperature of 60 degrees Celsius in order 
to adjust the surface properties (vapor-phase pre-treatment ) and 
were then plated with various metals by sputtering as shown in 
Table 7. During the sputtering process as well, the heated steel 
base plate was maintained at a temperature of 300 degrees 
Celsius . 

/9 
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Table 6 



Types 


Chemical Composition (wt %) 


C 


Si 


Mn 


P 


S 


Cr 


Al 


Cu 


Ni 


Nb 


Mo 


Fe and 
impurities 


Embodiments 


M 


0.005 


*0.28 


*0.16 


0.025 


0.002 


16.8 


*0.008 


0.03 


0.03 






Balance 


Comparative 
Example 


N 


0.005 


0.53 


0.35 


0.025 


0.001 


16.8 


0.001 


0.08 


0.02 






Balance 


0 


0.005 


0.51 


0.33 


0.027 


0.001 


20.3 


0.001 


0.53 


0.08 


0.53 


0.82 


Balance 


P 


0.004 


0.53 


0.29 


0.026 


0.001 


22.3 


0.001 


0.51 


0.45 


0.55 


1.13 


Balance 



Note: refers to the composition being outside the range specified by the present invention. 



Table 7 



Test No. 


Sample 


Vapor-phase 

plating 
(deposition) 
material 


Thickness 
of 
plating 
layer (A) 


Temperature 
of base 
material 
during 
sputtering 
!°C) 


Pitting 
potential 
(60°C, 0.01M 
NaCl, vs. 
SCE) 


Rust 
resistance 
(Rating after 
exposure to 
atmosphere 
for 6 months) 


Sample 
piece 
1 


Sample 
piece 
2 


Sample 
piece 
1 


Sample 
piece 
2 


Comparative 
Example 


24 


*M 


SiOx 


* 40 


300 


0.33 V 


0.28 V 


4 


3 


25 


(Lower layer) 
Ni, (Upper 
layer) SiOx 


* 100 


0.35 V 


0.38 V 


5 


5 


26 


(Lower layer) 
Cu, (Upper 
layer) SiOx 


600 


0.36 V 


0.33 V 


4 


4 


27 


(Lower layer) 
Ni, (Upper 
layer) TiNx 


500 


0.38 V 


0.42 V 


5 


4 


28 


Nb . NbOx 


1000 


0.56 V 


0.36 V 


4 


5 


29 


(Lower layer) 
Cr, (Upper 
layer) Mo 


800 


0.53 V 


0.63 V 


6 


5 


Embodiment 


30 


N 


SiOx 


400 


0.89 V 


> 0.9 
V 


10 


10 


31 


(Lower layer) 
Ni, (Upper 
layer) SiOx 


450 


> 0.9 
V 


> 0.9 
V 


10 


10 


32 


(Lower layer) 
Cu, (Upper 
layer) SiOx 


600 


> 0.9 
V 


> 0.9 
V 


10 


10 


33 


(Lower layer) 
Ni, (Upper 
layer) SiNx 


450 


> 0.9 
V 


> 0.9 
V 


10 


10 


34 


(Lower layer) 


600 


> 0.9 


> 0.9 


10 


10 



Cu, (Upper V V 

28 









layer) SiNx 














35 


(Lower layer) 
Ni, (Upper 
layer) TiNx 


500 


> 0.9 
V 


> 0.9 
V 


10 


10 


~> \j 


Nb NbOx 


1000 


> 0.9 

V 


> 0.9 
V 


10 


10 


37 


(Lower layer) 
Cr, (Upper 
layer) Mo 


800 


> 0.83 
V 


> 0.85 

V 


10 


10 


38 


' 0 


(Lower layer) 
Crx . Mox, 
(Upper layer) 
Nb . NbOx 


1200 


> 0.9 

V 


> 0.9 

V 


10 


10 


39 


(Lower layer) 
Cu.CuOx, 
(Upper layer) 
Nb . NbOx 


> 0. 9 
V 


> 0.9 
V 


10 


10 


40 


(Lower layer) 
Al 

( Intermediate 
layer) 
Al.Al.Ox 
(Upper layer) 
AlOx 


6000 


> 0.9 

V 


> 0. 9 

V . 


10 


10 


41 


P 


Cr 


5000 


> 0.88 
V 


0.86 
V 


10 


10 


42 


Ti 


> 0.9 
V 


> 0.9 
V 


10 


10 



Note: refers to the composition being outside the range 

specified by the present invention. 
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Subsequently, the resulting ferritic stainless steel plate 
thus obtained were used to measure the pitting potential and 
evaluate the rust resistance by the same methods as in 
Embodiment 1, with the results being shown in Table 7. 

As is also clear from the results shown in Table 7, any of 
the inventive ferritic stainless steel plates showed desired 
rust resistance while Comparative Examples 24 to 29, whose 
compositions were outside the range specified by the present 
invention, had poor rust resistance. 



Further, it was observed that the formation of multiple 
plating players (deposition layers), produced a synergistic 
effect not only in terms of improving the corrosion resistance 
of the vapor-phase plated ferritic stainless steel plate but 
also for improving the adhesion of the deposition materials. In 
particular, it was found that the formation of an Ni or Cu base 
layer was effective. 

Furthermore, in the above embodiments, sputtering was used 
for the vapor-phase plating method, but it is confirmed that 
other deposition techniques, such as a CVD method and an ion 
plating method, can also be used and similar desired results can 
be obtained. 

(Effect of the Invention) 

As described above, the present invention can stably 
provide a highly rust resistant ferritic stainless steel 
material which has superior rust resistance to conventional 
materials and can be applied to a wide variety of fields, such 
as automotive moldings and exterior or interior construction 
materials in order to markedly improve the values and functions; 
therefore, the present invention provides an industrially 
significant effect. 
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